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Introduction
In RAN2#96, it was proposed to introduce per UE TM-10/FD-MIMO signaling to increase UE implementation flexibility while reducing UE capability signaling [1].  
[96#35][LTE/FD-MIMO] UE capability signalling (Intel) 
	To discuss the need of per UE baseband capability and what can be included in such capability and to develop a detailed solution. Release of the CR can be discussed.
	Intended outcome: Email discussion report and draft CRs.
	Deadline: Thursday 26/01/2017
Some companies had some sympathy to enhance FD-MIMO signaling. Therefore, in this email discussion, we discuss the limitation of the current TM-10/FD-MIMO signaling and potential solution. 
Existing TM-10 and FD-MIMO signaling
In [1], some observations were raised to discuss limitation of existing TM-10/FD-MIMO signaling. Companies are invited to comment whether the observations are reasonable.   
These TM-10 and FD-MIMO parameters are in many cases, dependent only on baseband resources and not RF specific resources. And these baseband resources (e.g. on-chip memory to save the soft symbols) get used up in different ways based on the number of component carriers (rather than the actual bands of these carriers) configured as part of carrier aggregation (CA). 
Discussion #1: TM-10 and FD-MIMO parameters are dependent only on baseband capability not RF capability. 
	Company
	Comments (agree/disagree with reasons if any)

	Nokia, Alcatel-Lucent Shanghai Bell
	It is not clear what the terms “baseband capability” and “RF capability” mean exactly. In our understanding the difference is the following (in terms of RRC signalling):
· RF capabilities are defined per band combination (i.e. support indication may differ for each band combination)
· Baseband capabilities are defined per UE, and apply for all (relevant) band combinations (i.e. either UE supports the feature for all band combinations or none of the band combinations)
With these definitions, the difference means that baseband capabilities do not depend on the frequency bands in a band combination, but RF capabilities do.

We are fine with FD-MIMO support being a baseband capability (i.e. a per-UE capability indication).

	Qualcomm Inc.
	We think this issue is in RAN1’s scope.

	Intel
	Just to clarify baseband capability for TM10 (number of CSI-RS process), it is not directly dependent on band combination but it is dependent on the CA order and/or MIMO capability. That is why TM10 and FD-MIMO capability is defined per band/per band combination. In that sense, Nokia’s definition may or may not be correct. 


	Samsung
	This seems to be related to earlier discussions on baseband processing related capabilities, see R2-154759, R2-152913. We think RAN4 needs to be involved also (as before)



From UE implementation point of view, a particular UE should be able to supports different set of TM-10 and FD-MIMO parameters purely based on the number of carriers in CA and not dependent on the actual bands in band combinations. 
For example, the UE can support 8 CSI-RS process for 1 CC and 1 CSI-RS process for 1CC. In case of CA 1A-3A, the UE should be able to support the following two cases. 
· 8 CSI-RS process in 1A, 1 CSI-RS process in 3A
· 1 CSI-RS process in 3A, 8 CSI-RS process in 1A 
Discussion #2: if the UE can support a certain TM-10/FD-MIMO capabilities in one band combination, the UE likely supports same TM-10/FD-MIMO capabilities regardless of frequency band in the same band combination. 
	Company
	Comments (agree/disagree with reasons if any)

	Nokia, Alcatel-Lucent Shanghai Bell
	Why do we mix TM10 into this discussion?

The main point of the question is to ask whether UE should indicate the total number of CSI-RS processes for FD-MIMO per band combination, i.e. the FD-MIMO capabilities are per not per band, per band combination but instead per number of bands in a band combination.
We don’t have a strong opinion on this, but if seen feasible to do by UE implementation, we are fine with the proposal.

	Qualcomm Inc.
	We think this issue is in RAN1’s scope.

	Intel
	Regarding Nokia’s question on TM10, we see the similar issue on both TM10 and FD-MIMO that will increase capability signaling to introduce flexible UE combination. 

	Samsung
	See previous respose



In order to indicate such capability, this UE still has to repeat the same set of TM-10/FD-MIMO parameters for each band in the same band combination. If the UE does not repeat this for each band, then the TM-10/FD-MIMO parameters will be applicable only to the one reported band in a band combination, while the rest of the bands will miss out of these features. In the above example, the UE needs to signal twice of band combinations for 1A-3A to indicate 8CSI-RS process in 1A and 8CSI-RS process in 3A. Otherwise, 8 CSI-process capability can be used only either in 1A or 3A. On the other hand, repeating the same configuration for each band in every band combination will increase the LTE capability size by several orders of magnitude. 
Discussion #3: the UE repeats the same band combinations in UE capability signaling if the UE can support different set of TM-10 and FD-MIMO capabilities, which increases UE capability signaling dramatically. 
	Company
	Comments (agree/disagree with reasons if any)

	Nokia, Alcatel-Lucent Shanghai Bell
	Correct: Currently if UE wishes to indicate separate capabilities for the same band combination, the band combination has to be repeated.

	Qualcomm Inc.
	Agree.



As a conclusion, companies are invited to comment whether any enhancement is needed in TM-10/FD-MIMO capability signaling.  
Discussion #4: the enhancement on TM-10/FD-MIMO capability signaling is needed to indicate flexible UE implementation while avoiding large UE capability size. 
	Company
	Comments (agree/disagree with reasons if any)

	Nokia, Alcatel-Lucent Shanghai Bell
	Neutral – we are fine with this as an enhancement to the basic Rel-13 capability signalling.

	Qualcomm Inc.
	It depends Discussion #1 and #2, and on how big (# of bits) the current FD-MIMO UE capability signaling cost, and the gain (e.g., bits) in terms of capability signaling saving. Better to have analysis on these aspects.

	Intel 
	Regarding Qualcomm’s comment, we would emphasize that this issue may be more problem due to the fact that the same band combination should be repeated to indicate different FD-MIMO capability regardless of FD-MIMO UE capability signaling size.   

	Samsung
	We agree that for REL-13 FD-MIMO we have quite extensive signalling i.e. information per band of a band combination (BoBC). We however also introduced the signalling of a per UE default capability. I.e. the UE only needs to signal something per BoBC if (significantly) different from the value indicated per UE.
Nevertheless, we have some interest to in general investigate reducing the signaling of per band of a band combination signaling.



Discussion #5: which release should RAN2 introduce the enhancement on TM-10/FD-MIMO capability signaling assuming it is needed? 
	Company
	Comments 

	Nokia, Alcatel-Lucent Shanghai Bell
	Since The Rel-13 signalling is not broken and there is an ongoing Rel-14 WID on eFD-MIMO, the signalling can be introduced in Rel-14. 

Should the signalling be introduced from Rel-13, RAN2 would have to define whether the existing Rel-13 capability signalling should be voided. It would be preferable that only one type of capability signalling is allowed.

	Qualcomm Inc.
	It depends on how big (# of bits) the current FD-MIMO UE capability signaling cost, and the gain (e.g., bits) in terms of capability signaling saving. Better to have analysis on these aspects. Based on the analysis for current signaling, if there is serious potential issue, Rel-13 may be considered. 

	Samsung
	We think this requires some further study, involving other WG. Hence it probably seems something more for after REL-14.



Potential solution
One solution was proposed in [1] and corresponding CR was submitted in [2]. Companies are invited to comment on the solution or to provide any other solution. 
Solution 1: 
This solution introduces a new baseband capability set which is per UE signaling to indicate TM-10/FD-MIMO capabilities. In addition, the new baseband capability is indexed by the combination of CA order (number of component carriers) and MIMO layers.
The following shows ASN.1 signalling structure for the baseband capability set. 
MIMO-TM10-UE-Parameters-PHY-r13 ::= SEQUENCE (SIZE (1.. maxMIMO-TM10-Variation-Size)) OF MIMO-TM10-Variation-Parameters-r13 OPTIONAL => a set of differnet baseband capability parameter


MIMO-TM10-Variation-Parameters-r13 ::= SEQUENCE (SIZE (1.. maxSimultaneousComponentCarriers-r13)) OF MIMO-TM10-Variation-CC-Parameters-r13 OPTIONAL => the number of CCs (CA order) in variation  


MIMO-TM10-Variation-CC-Parameters-r13 ::= SEQUENCE {
	supportedMIMO-CapabilityDL-r13		MIMO-CapabilityDL-r10  OPTIONAL, => the numebr of MIMO layer
	supportedCSI-Proc-perUE-r13		 	ENUMERATED {n1, n3, n4} OPTIONAL, => TM10 capability
	mimo-Per-BoBC-PHY-Parameters-r13 	MIMO-CA-ParametersPerBoBC-r13 OPTIONAL => FD-MIMO capability
}

Companies are invited to provide any comments and view on whether it is desirable as enhancement of TM-10/FD-MIMO signaling.   
	Company
	Comments (agree/disagree with reasons if any)

	Nokia, Alcatel-Lucent Shanghai Bell
	Few comments on the signalling:
· The constant maxServCell-r13 could be used instead of the new constant maxSimultaneousComponentCarriers-r13 – the existing constant already indicates the maximum number of CCs / UE.
· The signalling is done based on Rel-13 and is therefore subject to the decision on the release
· The TM9 support (i.e. number of MIMO layers) and TM10 support (i.e. number of CSI-RS processes) is also tied to this proposal, but has not been discussed before. Isn’t this discussion more about the FD-MIMO than these capabilities?	Comment by Heo, Youn Hyoung: We see the same issue with TM10 because this is also baseband capability but it is defined per band/bandcombination because baseband capability is shared with MIMO and CA capability which are band combination specific. Here, the number of MIMO layer is used as input parameter same as the number of CA. 


	Qualcomm Inc.
	Not clear on the top level list “SEQUENCE (SIZE (1.. maxMIMO-TM10-Variation-Size)) OF MIMO-TM10-Variation-Parameters-r13”	Comment by Heo, Youn Hyoung: It is to indicate multiple variation of MIMO/TM10/FD-MIMO. 

The second level list sounds good in solving the raised issue: “MIMO-TM10-Variation-Parameters-r13 ::= SEQUENCE (SIZE (1.. maxSimultaneousComponentCarriers-r13)) OF MIMO-TM10-Variation-CC-Parameters-r13”



Solution 2: 
Companies are invited to provide any other solution to enhance TM-10/FD-MIMO signaling framework. 


Summary
Based on feedback received by 4 companies, we would like to summarize as follows for each discussion topic. 
· Discussion #1: TM-10 and FD-MIMO parameters are dependent only on baseband capability not RF capability. 
· Summary: Some companies are ok to consider FD-MIMO parameters as baseband capability, but it is also suggested to consult with RAN1/RAN4.
· Discussion #2: if the UE can support a certain TM-10/FD-MIMO capabilities in one band combination, the UE likely supports same TM-10/FD-MIMO capabilities regardless of frequency band in the same band combination.
· Summary: similar to discussion #1, companies would like to ask RAN1/RAN4. 
Proposal 1: RAN2 sends LS to RAN1/RAN4 to consider TM-10 and FD-MIMO capability parameters are dependent only on baseband capability not RF capability. 
· Discussion #3: the UE repeats the same band combinations in UE capability signaling if the UE can support different set of TM-10 and FD-MIMO capabilities, which increases UE capability signaling dramatically. 
· Summary: companies agree with the observation in discussion #3. 
· Discussion #4: the enhancement on TM-10/FD-MIMO capability signaling is needed to indicate flexible UE implementation while avoiding large UE capability size.
· Summary: companies are interested to enhance FD-MIMO capability signaling. 
· Discussion #5: which release should RAN2 introduce the enhancement on TM-10/FD-MIMO capability signaling assuming it is needed?
· Summary: companies have diverged view.
· [bookmark: _GoBack]Regarding a potential solution, there was some discussion on the previously proposed solution but need more discussion to clearly understand. 
Proposal 2: RAN2 postpone further discussion on the potential solution until RAN2 receives the feedback from RAN1/RAN4. 
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